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Abstract	 ﾠ
	 ﾠ
Background	 ﾠ
This	 ﾠ paper	 ﾠ presents	 ﾠ a	 ﾠ novel	 ﾠ approach	 ﾠ to	 ﾠ searching	 ﾠ
electronic	 ﾠ medical	 ﾠ records	 ﾠ that	 ﾠ is	 ﾠ based	 ﾠ on	 ﾠ concept	 ﾠ
matching	 ﾠrather	 ﾠthan	 ﾠkeyword	 ﾠmatching.	 ﾠ
Aims	 ﾠ
The	 ﾠ concept-ﾭ‐based	 ﾠ approach	 ﾠ is	 ﾠ intended	 ﾠ to	 ﾠ overcome	 ﾠ
specific	 ﾠ challenges	 ﾠ we	 ﾠ identified	 ﾠ in	 ﾠ searching	 ﾠ medical	 ﾠ
records.	 ﾠ
Method	 ﾠ	 ﾠ	 ﾠ
Queries	 ﾠ and	 ﾠ documents	 ﾠ were	 ﾠ transformed	 ﾠ from	 ﾠ their	 ﾠ
term-ﾭ‐based	 ﾠoriginals	 ﾠinto	 ﾠmedical	 ﾠconcepts	 ﾠas	 ﾠdefined	 ﾠby	 ﾠ
the	 ﾠSNOMED-ﾭ‐CT	 ﾠontology.	 ﾠ
Results	 ﾠ
Evaluation	 ﾠon	 ﾠa	 ﾠreal-ﾭ‐world	 ﾠcollection	 ﾠof	 ﾠmedical	 ﾠrecords	 ﾠ
showed	 ﾠ our	 ﾠ concept-ﾭ‐based	 ﾠ approach	 ﾠ outperformed	 ﾠ a	 ﾠ
keyword	 ﾠbaseline	 ﾠby	 ﾠ25%	 ﾠin	 ﾠMean	 ﾠAverage	 ﾠPrecision.	 ﾠ
Conclusion	 ﾠ
The	 ﾠ concept-ﾭ‐based	 ﾠ approach	 ﾠ provides	 ﾠ a	 ﾠ framework	 ﾠ for	 ﾠ
further	 ﾠdevelopment	 ﾠof	 ﾠinference	 ﾠbased	 ﾠsearch	 ﾠsystems	 ﾠ
for	 ﾠdealing	 ﾠwith	 ﾠmedical	 ﾠdata.	 ﾠ
Key	 ﾠWords	 ﾠ
Electronic	 ﾠ medical	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 ﾠ Information	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 ﾠinference,	 ﾠHealth	 ﾠinformatics.	 ﾠ
What	 ﾠthis	 ﾠstudy	 ﾠadds:	 ﾠ
1.	 ﾠ Searching	 ﾠ medical	 ﾠ records	 ﾠ presents	 ﾠ some	 ﾠ specific	 ﾠ
challenges	 ﾠthat	 ﾠrequire	 ﾠtailored	 ﾠinformation	 ﾠretrieval	 ﾠ(IR)	 ﾠ
systems.	 ﾠ
2.	 ﾠIt	 ﾠwas	 ﾠfound	 ﾠthat	 ﾠa	 ﾠconcept-ﾭ‐based	 ﾠ(rather	 ﾠthan	 ﾠterm-ﾭ‐
based)	 ﾠi n f o r m a t i o n 	 ﾠr e t r i e v a l 	 ﾠs y s t e m 	 ﾠi m p r o v e d 	 ﾠs e a r c h 	 ﾠ
accuracy.	 ﾠ
3.	 ﾠThe	 ﾠconcept-ﾭ‐based	 ﾠapproach	 ﾠprovides	 ﾠa	 ﾠframework	 ﾠfor	 ﾠ
further	 ﾠdevelopment	 ﾠof	 ﾠinference	 ﾠbased	 ﾠsearch	 ﾠsystems	 ﾠ
for	 ﾠdealing	 ﾠwith	 ﾠmedical	 ﾠrecords.	 ﾠ
	 ﾠ
Background	 ﾠ
Searching	 ﾠ medical	 ﾠ records	 ﾠ presents	 ﾠ some	 ﾠ specific	 ﾠ
challenges	 ﾠ for	 ﾠ information	 ﾠ retrieval	 ﾠ (IR)	 ﾠ systems.	 ﾠ
Vocabulary	 ﾠmismatch	 ﾠ–	 ﾠwhere	 ﾠrelevant	 ﾠdocuments	 ﾠto	 ﾠa	 ﾠ
user's	 ﾠquery	 ﾠmay	 ﾠactually	 ﾠcontain	 ﾠlittle	 ﾠor	 ﾠno	 ﾠshared	 ﾠterms	 ﾠ
–	 ﾠc a n 	 ﾠh a m p e r 	 ﾠt h e 	 ﾠp e r f o r m a n c e 	 ﾠo f 	 ﾠk e y w o r d -ﾭ‐based	 ﾠ
retrieval.	 ﾠFor	 ﾠexample,	 ﾠa	 ﾠuser	 ﾠsearching	 ﾠfor	 ﾠ“high	 ﾠblood	 ﾠ
pressure”	 ﾠwould	 ﾠwant	 ﾠto	 ﾠretrieve	 ﾠdocuments	 ﾠmentioning	 ﾠ
“hypertension”.	 ﾠ Beyond	 ﾠ vocabulary	 ﾠ mismatch,	 ﾠ certain	 ﾠ
queries	 ﾠ require	 ﾠ inference	 ﾠt o 	 ﾠd e t e r m i n e 	 ﾠr e l e v a n t 	 ﾠ
documents,	 ﾠ for	 ﾠ example	 ﾠ the	 ﾠ presence	 ﾠ of	 ﾠ a	 ﾠ certain	 ﾠ
organism	 ﾠ in	 ﾠ a	 ﾠ laboratory	 ﾠ report	 ﾠ denoting	 ﾠ a	 ﾠ certain	 ﾠ
disease,	 ﾠeven	 ﾠthough	 ﾠthe	 ﾠdisease	 ﾠis	 ﾠnot	 ﾠstated	 ﾠexplicitly.
1	 ﾠ
Searching	 ﾠmedical	 ﾠrecords	 ﾠrequires	 ﾠan	 ﾠIR	 ﾠsystem	 ﾠcapable	 ﾠ
of	 ﾠ overcoming	 ﾠ the	 ﾠ “semantic	 ﾠ gap”	 ﾠ –	 ﾠt h e 	 ﾠm i s m a t c h 	 ﾠ
between	 ﾠ the	 ﾠ terms	 ﾠ found	 ﾠ in	 ﾠ documents	 ﾠ and	 ﾠ those	 ﾠ in	 ﾠ
queries.	 ﾠ
	 ﾠ
Our	 ﾠapproach	 ﾠto	 ﾠthe	 ﾠsemantic	 ﾠgap	 ﾠproblem	 ﾠis	 ﾠa	 ﾠconcept-ﾭ‐
based	 ﾠa p p r o a c h 	 ﾠt h a t 	 ﾠu s e s 	 ﾠm e d i c a l 	 ﾠd omain	 ﾠ knowledge	 ﾠ
from	 ﾠthe	 ﾠSNOMED-ﾭ‐CT	 ﾠontology.
2	 ﾠQueries	 ﾠand	 ﾠdocuments	 ﾠ
were	 ﾠtransformed	 ﾠfrom	 ﾠtheir	 ﾠoriginal	 ﾠterms	 ﾠto	 ﾠSNOMED-ﾭ‐
CT	 ﾠ concepts;	 ﾠr e t r i e v a l 	 ﾠw a s 	 ﾠt h e n 	 ﾠd o n e 	 ﾠb y 	 ﾠm a t c h i n g 	 ﾠ
concepts.	 ﾠThe	 ﾠmodel	 ﾠis	 ﾠtherefore	 ﾠless	 ﾠdependent	 ﾠon	 ﾠthe	 ﾠ
specific	 ﾠ terms	 ﾠ used.	 ﾠ The	 ﾠ paper	 ﾠ makes	 ﾠ the	 ﾠ following	 ﾠ
contributions:	 ﾠ(1)	 ﾠan	 ﾠanalysis	 ﾠof	 ﾠthe	 ﾠtypes	 ﾠof	 ﾠsemantic	 ﾠgap	 ﾠ
problem	 ﾠ that	 ﾠ exist	 ﾠ when	 ﾠ searching	 ﾠ medical	 ﾠ records,	 ﾠ
including	 ﾠthe	 ﾠtype	 ﾠof	 ﾠinference	 ﾠrequired	 ﾠto	 ﾠhandle	 ﾠeach;	 ﾠ
(2)	 ﾠ a	 ﾠ concept-ﾭ‐based	 ﾠ IR	 ﾠ model	 ﾠ that	 ﾠ addresses	 ﾠ some	 ﾠ of	 ﾠ
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 ﾠ
these	 ﾠproblems	 ﾠwhile	 ﾠproviding	 ﾠthe	 ﾠfoundation	 ﾠfor	 ﾠfurther	 ﾠ
development;	 ﾠ (3)	 ﾠ empirical	 ﾠ evaluation	 ﾠ showing	 ﾠ our	 ﾠ
concept-ﾭ‐based	 ﾠ system	 ﾠ outperformed	 ﾠ an	 ﾠ equivalent	 ﾠ
keyword	 ﾠbaseline;	 ﾠ(4)	 ﾠanalysis	 ﾠof	 ﾠhow	 ﾠour	 ﾠsystem	 ﾠdiffers	 ﾠ
from	 ﾠa	 ﾠkeyword	 ﾠbaseline,	 ﾠspecifically	 ﾠwhen	 ﾠdealing	 ﾠwith	 ﾠ
hard	 ﾠqueries.	 ﾠ
	 ﾠ
Related	 ﾠWork	 ﾠ
Related	 ﾠwork	 ﾠis	 ﾠin	 ﾠtwo	 ﾠareas:	 ﾠ(1)	 ﾠconcept-ﾭ‐based	 ﾠIR,	 ﾠthat	 ﾠis	 ﾠ
representing	 ﾠqueries	 ﾠand	 ﾠdocuments	 ﾠas	 ﾠconcepts	 ﾠrather	 ﾠ
than	 ﾠ terms;	 ﾠ and	 ﾠ (2)	 ﾠ domain	 ﾠ knowledge,	 ﾠ specifically	 ﾠ the	 ﾠ
SNOMED-ﾭ‐CT	 ﾠontology.	 ﾠ
	 ﾠ
Concept-ﾭ‐based	 ﾠIR	 ﾠ
Broadly,	 ﾠconcept-ﾭ‐based	 ﾠIR	 ﾠaims	 ﾠto	 ﾠmake	 ﾠuse	 ﾠof	 ﾠexternal	 ﾠ
knowledge	 ﾠ sources	 ﾠ (such	 ﾠ as	 ﾠ thesauri	 ﾠ or	 ﾠ ontologies)	 ﾠ to	 ﾠ
provide	 ﾠ additional	 ﾠ background	 ﾠ knowledge	 ﾠ and	 ﾠ context	 ﾠ
that	 ﾠ may	 ﾠ not	 ﾠ be	 ﾠ explicit	 ﾠ in	 ﾠ a	 ﾠ document	 ﾠ collection	 ﾠ and	 ﾠ
user's	 ﾠ queries.	 ﾠ Early	 ﾠ approaches	 ﾠ by	 ﾠ Voorhees
3	 ﾠu s e d 	 ﾠ
general	 ﾠlexical	 ﾠthesauri	 ﾠsuch	 ﾠas	 ﾠWordNet	 ﾠfor	 ﾠthe	 ﾠpurposes	 ﾠ
of	 ﾠquery	 ﾠexpansion.	 ﾠWordNet	 ﾠis	 ﾠa	 ﾠlarge	 ﾠgeneral	 ﾠEnglish	 ﾠ
language	 ﾠontology.	 ﾠNouns,	 ﾠverbs	 ﾠadjectives	 ﾠand	 ﾠadverbs	 ﾠ
are	 ﾠgrouped	 ﾠinto	 ﾠcognitive	 ﾠsynonyms	 ﾠeach	 ﾠexpressing	 ﾠa	 ﾠ
distinct	 ﾠ concept.
4	 ﾠ Ravindran	 ﾠ &	 ﾠ Gauch
5	 ﾠu s e d 	 ﾠthe	 ﾠO pen	 ﾠ
Directory	 ﾠ to	 ﾠ create	 ﾠ a	 ﾠ concept	 ﾠ index	 ﾠ for	 ﾠ query	 ﾠ
disambiguation.	 ﾠ
	 ﾠ
In	 ﾠthe	 ﾠarea	 ﾠof	 ﾠbiomedical	 ﾠinformation	 ﾠretrieval	 ﾠthere	 ﾠhave	 ﾠ
been	 ﾠ a	 ﾠ number	 ﾠ of	 ﾠ concept-ﾭ‐based	 ﾠ approaches.	 ﾠ Aronson	 ﾠ
and	 ﾠ Rindflesch
6	 ﾠ used	 ﾠ the	 ﾠ UMLS	 ﾠ medical	 ﾠ ontology	 ﾠ for	 ﾠ
query	 ﾠexpansion,	 ﾠwhile	 ﾠLiu	 ﾠand	 ﾠChu
7	 ﾠimprove	 ﾠon	 ﾠstandard	 ﾠ
query	 ﾠ expansion	 ﾠ with	 ﾠ concept-ﾭ‐based	 ﾠ scenario-ﾭ‐specific	 ﾠ
query	 ﾠexpansion.	 ﾠMore	 ﾠadvanced	 ﾠapproaches	 ﾠhave	 ﾠgone	 ﾠ
beyond	 ﾠ query	 ﾠ expansion	 ﾠ and	 ﾠ use	 ﾠ medical	 ﾠ ontologies	 ﾠ in	 ﾠ
both	 ﾠ the	 ﾠ indexing	 ﾠ and	 ﾠ retrieval	 ﾠ process.	 ﾠ For	 ﾠ example	 ﾠ
Zheng	 ﾠet	 ﾠal.	 ﾠsuccessfully	 ﾠused	 ﾠMeSH	 ﾠheadings	 ﾠto	 ﾠbuild	 ﾠa	 ﾠ
concept-ﾭ‐document	 ﾠ matrix	 ﾠ to	 ﾠ facilitate	 ﾠ biomedical	 ﾠ
document	 ﾠ search.
8	 ﾠS i g n i f i c a n t 	 ﾠi m p r o v e m e n t s 	 ﾠu s i n g 	 ﾠ
concept-ﾭ‐based	 ﾠ IR	 ﾠ are	 ﾠa c h i e v e d 	 ﾠi n 	 ﾠg e n o m i c 	 ﾠi n f ormation	 ﾠ
retrieval.	 ﾠ Zhou	 ﾠ et	 ﾠ al.
9	 ﾠd e v e l o p e d 	 ﾠa 	 ﾠc o n c e p t 	 ﾠm a t c h i n g 	 ﾠ
algorithm	 ﾠthat	 ﾠutilised	 ﾠboth	 ﾠthe	 ﾠUMLS	 ﾠontology	 ﾠand	 ﾠMeSH	 ﾠ
headings;	 ﾠ their	 ﾠ system	 ﾠ significantly	 ﾠ outperformed	 ﾠ
keyword-ﾭ‐based	 ﾠsystems.	 ﾠ
	 ﾠ
Performance	 ﾠin	 ﾠconcept-ﾭ‐based	 ﾠIR	 ﾠis	 ﾠhighly	 ﾠdependent	 ﾠon	 ﾠ
the	 ﾠ specific	 ﾠ domain	 ﾠ model	 ﾠ or	 ﾠ ontology	 ﾠ used.	 ﾠ General	 ﾠ
applications	 ﾠ (those	 ﾠ that	 ﾠ utilise	 ﾠW o r d N e t 	 ﾠo r 	 ﾠO p e n 	 ﾠ
Directory)	 ﾠ struggle	 ﾠ to	 ﾠ outperform	 ﾠ keyword-ﾭ‐based	 ﾠ
systems.
3,5	 ﾠHowever,	 ﾠbiomedical	 ﾠapplications	 ﾠ(which	 ﾠuse	 ﾠ
domain	 ﾠ specific	 ﾠ ontologies)	 ﾠd e m o nstrate	 ﾠ the	 ﾠ most	 ﾠ
improvements.
7,9	 ﾠ For	 ﾠ this	 ﾠ reason	 ﾠ we	 ﾠ propose	 ﾠ concept-ﾭ‐
based	 ﾠIR	 ﾠfor	 ﾠsearching	 ﾠelectronic	 ﾠmedical	 ﾠrecords.	 ﾠ
Medical	 ﾠdomain	 ﾠknowledge	 ﾠ(SNOMED-ﾭ‐CT)	 ﾠ
The	 ﾠchoice	 ﾠof	 ﾠdomain	 ﾠmodel	 ﾠhas	 ﾠbeen	 ﾠhighlighted	 ﾠas	 ﾠan	 ﾠ
important	 ﾠconsideration	 ﾠin	 ﾠconcept-ﾭ‐based	 ﾠIR.	 ﾠUMLS	 ﾠand	 ﾠ
MeSH	 ﾠ are	 ﾠ two	 ﾠ domain	 ﾠ models	 ﾠ most	 ﾠ often	 ﾠ used	 ﾠ in	 ﾠ
biomedical	 ﾠapplications.
7-ﾭ‐9	 ﾠRecently	 ﾠthere	 ﾠhas	 ﾠbeen	 ﾠstrong	 ﾠ
emphasis	 ﾠon	 ﾠthe	 ﾠdevelopment	 ﾠof	 ﾠmore	 ﾠformal,	 ﾠmachine	 ﾠ
readable	 ﾠrepresentations	 ﾠof	 ﾠmedical	 ﾠknowledge,	 ﾠthis	 ﾠhas	 ﾠ
led	 ﾠ to	 ﾠ the	 ﾠ development	 ﾠo f 	 ﾠt h e 	 ﾠS N O M E D -ﾭ‐CT	 ﾠ ontology.	 ﾠ
SNOMED-ﾭ‐CT	 ﾠ is	 ﾠ a	 ﾠ medical	 ﾠ terminology	 ﾠ covering	 ﾠ a	 ﾠ large	 ﾠ
range	 ﾠ of	 ﾠ medical	 ﾠ knowledge,	 ﾠ including:	 ﾠ disorder,	 ﾠ
procedures,	 ﾠ organisms,	 ﾠ body	 ﾠ structure	 ﾠ and	 ﾠ
pharmaceuticals.
2	 ﾠC o n c e p t s 	 ﾠa r e 	 ﾠo r g a n i s e d 	 ﾠi n 	 ﾠa n 	 ﾠ
inheritance	 ﾠhierarchy	 ﾠand	 ﾠmay	 ﾠbe	 ﾠdefined	 ﾠby	 ﾠrelations	 ﾠto	 ﾠ
other	 ﾠconcepts.	 ﾠFor	 ﾠexample	 ﾠthe	 ﾠconcept	 ﾠViral	 ﾠpneumonia	 ﾠ
has	 ﾠa	 ﾠparent	 ﾠInfectious	 ﾠpneumonia.	 ﾠViral	 ﾠpneumonia	 ﾠhas	 ﾠa	 ﾠ
relationship	 ﾠ Causative	 ﾠ agent	 ﾠc o n n e c t i n g 	 ﾠi t 	 ﾠt o 	 ﾠt h e 	 ﾠVirus	 ﾠ
concept.	 ﾠ	 ﾠ
	 ﾠ
SNOMED-ﾭ‐CT	 ﾠ contains	 ﾠ approximately	 ﾠ 390,000	 ﾠ concepts	 ﾠ
and	 ﾠ 1.4	 ﾠ million	 ﾠ relationships.	 ﾠ SNOMED-ﾭ‐CT's	 ﾠ wide	 ﾠ
coverage	 ﾠ and	 ﾠ non-ﾭ‐application	 ﾠ specific	 ﾠ focus	 ﾠ was	 ﾠ the	 ﾠ
reason	 ﾠit	 ﾠwas	 ﾠchosen	 ﾠas	 ﾠthe	 ﾠdomain	 ﾠknowledge	 ﾠmodel	 ﾠfor	 ﾠ
our	 ﾠconcept-ﾭ‐based	 ﾠIR	 ﾠsystem.	 ﾠ
	 ﾠ
Requirements	 ﾠ for	 ﾠ semantic	 ﾠ search	 ﾠ and	 ﾠ
inference	 ﾠin	 ﾠmedical	 ﾠrecords	 ﾠ
We	 ﾠ have	 ﾠ introduced	 ﾠ the	 ﾠ “semantic	 ﾠ gap”	 ﾠp r o b l e m 	 ﾠa n d 	 ﾠ
stated	 ﾠthat	 ﾠcertain	 ﾠqueries	 ﾠrequire	 ﾠinference	 ﾠrather	 ﾠthan	 ﾠ
keyword	 ﾠ matching.	 ﾠ To	 ﾠ better	 ﾠ understand	 ﾠ the	 ﾠ
requirements	 ﾠ for	 ﾠ a	 ﾠ semantic	 ﾠ search	 ﾠ system	 ﾠ we	 ﾠ have	 ﾠ
categorised	 ﾠ the	 ﾠ specific	 ﾠ types	 ﾠ of	 ﾠ queries	 ﾠ involved	 ﾠ in	 ﾠ
searching	 ﾠ medical	 ﾠ records	 ﾠ and	 ﾠ the	 ﾠ form	 ﾠ of	 ﾠ inference	 ﾠ
required	 ﾠto	 ﾠdeal	 ﾠwith	 ﾠeach.	 ﾠThese	 ﾠare	 ﾠprovided	 ﾠin	 ﾠTable	 ﾠ1.	 ﾠ
	 ﾠ
From	 ﾠthese	 ﾠexamples	 ﾠit	 ﾠis	 ﾠclear	 ﾠthat	 ﾠbridging	 ﾠthe	 ﾠsemantic	 ﾠ
gap	 ﾠ requires	 ﾠ matching	 ﾠ at	 ﾠ the	 ﾠ conceptual	 ﾠ level	 ﾠ and	 ﾠ
requires	 ﾠ inference.	 ﾠ At	 ﾠ present	 ﾠ our	 ﾠ concept-ﾭ‐based	 ﾠ
approach	 ﾠaims	 ﾠto	 ﾠdeal	 ﾠwith	 ﾠthe	 ﾠfirst	 ﾠtwo	 ﾠtypes	 ﾠof	 ﾠquery:	 ﾠ
keyword	 ﾠ mismatch	 ﾠ and	 ﾠ specialisation/generalisation.	 ﾠ
However,	 ﾠ it	 ﾠ also	 ﾠ provides	 ﾠ a	 ﾠ platform	 ﾠ for	 ﾠ further	 ﾠ
development	 ﾠ on	 ﾠ the	 ﾠ more	 ﾠ challenging	 ﾠ inferencing	 ﾠ
problems	 ﾠ highlighted.	 ﾠ We	 ﾠ now	 ﾠ present	 ﾠ details	 ﾠ of	 ﾠ our	 ﾠ
concept-ﾭ‐based	 ﾠinformation	 ﾠretrieval	 ﾠmodel.	 ﾠ
	 ﾠ
Method	 ﾠ–	 ﾠConcept-ﾭ‐based	 ﾠinformation	 ﾠretrieval	 ﾠ
Our	 ﾠ concept-ﾭ‐based	 ﾠ system	 ﾠ has	 ﾠ two	 ﾠ main	 ﾠ parts:	 ﾠ a	 ﾠ
SNOMED-ﾭ‐CT	 ﾠ concept	 ﾠ extractor	 ﾠ from	 ﾠ free-ﾭ‐text;	 ﾠ and	 ﾠ the	 ﾠ
indexing	 ﾠand	 ﾠretrieval	 ﾠcomponents.	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ	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Table	 ﾠ1:	 ﾠClassification	 ﾠof	 ﾠsemantic	 ﾠgap	 ﾠqueries	 ﾠfound	 ﾠin	 ﾠ
medical	 ﾠrecords,	 ﾠincluding	 ﾠtype	 ﾠof	 ﾠinference	 ﾠrequired	 ﾠto	 ﾠ
handle	 ﾠeach	 ﾠ
Semantic	 ﾠGap	 ﾠQuery	 ﾠ Example	 ﾠ Inference	 ﾠ
Required	 ﾠ
1.	 ﾠKeyword	 ﾠmismatch	 ﾠ
Synonyms,	 ﾠformal	 ﾠvs.	 ﾠ
colloquial	 ﾠterms:	 ﾠ
Hypertension	 ﾠ
≈	 ﾠhigh	 ﾠblood	 ﾠ
pressure	 ﾠ
Associational	 ﾠ
2.	 ﾠSpecialisation	 ﾠ/	 ﾠ
generalisation:	 ﾠ
Hyponyms/hypernyms,	 ﾠ
queries	 ﾠuse	 ﾠgeneral	 ﾠ
terms,	 ﾠmedical	 ﾠrecords	 ﾠ
more	 ﾠspecific	 ﾠ
Morphine	 ﾠ	 ﾠ
Opiate	 ﾠ
Deductive	 ﾠ
3.	 ﾠImplied:	 ﾠ
Presence	 ﾠof	 ﾠcertain	 ﾠterm	 ﾠ
in	 ﾠmedical	 ﾠrecords	 ﾠ
implies	 ﾠrelevance	 ﾠto	 ﾠ
query	 ﾠ
Chemotherapy	 ﾠ
	 ﾠCancer	 ﾠ
Deductive	 ﾠ
4.	 ﾠIndirect	 ﾠrelations:	 ﾠ
Causative	 ﾠand/or	 ﾠ
correlated	 ﾠ
Hepatitis	 ﾠB	 ﾠ
causes	 ﾠliver	 ﾠ
damage,	 ﾠ
documents	 ﾠ
containing	 ﾠ
Hepatitis	 ﾠB	 ﾠ
sometimes	 ﾠ
mention	 ﾠthe	 ﾠ
HNF4	 ﾠgene,	 ﾠ
therefore	 ﾠa	 ﾠ
query	 ﾠfor	 ﾠ
“HNF4	 ﾠliver	 ﾠ
function”	 ﾠ
should	 ﾠreturn	 ﾠ
the	 ﾠ
documents	 ﾠ
mentioning	 ﾠ
Hepatitis	 ﾠB	 ﾠ[9]	 ﾠ
Abductive	 ﾠ
	 ﾠ
For	 ﾠconcept	 ﾠextraction	 ﾠwe	 ﾠutilised	 ﾠMetaMap,
10	 ﾠthe	 ﾠnatural	 ﾠ
language	 ﾠprocessing	 ﾠsystem	 ﾠdeveloped	 ﾠby	 ﾠthe	 ﾠUS	 ﾠNational	 ﾠ
Library	 ﾠof	 ﾠMedicine.	 ﾠMetaMap	 ﾠidentifies	 ﾠUMLS	 ﾠconcepts	 ﾠ
in	 ﾠbiomedical	 ﾠtext	 ﾠand	 ﾠis	 ﾠwidely	 ﾠadopted	 ﾠin	 ﾠmedical	 ﾠNLP	 ﾠ
and	 ﾠIR.
7,11	 ﾠUsing	 ﾠMetaMap,	 ﾠqueries	 ﾠand	 ﾠdocuments	 ﾠwere	 ﾠ
represented	 ﾠ as	 ﾠ a	 ﾠ bag-ﾭ‐of-ﾭ‐concepts	 ﾠ rather	 ﾠ than	 ﾠ their	 ﾠ
original	 ﾠ bag-ﾭ‐of-ﾭ‐words	 ﾠ representation.	 ﾠ For	 ﾠ example	 ﾠ the	 ﾠ
text	 ﾠ“vascular	 ﾠdementia”	 ﾠcan	 ﾠbe	 ﾠtranslated	 ﾠto	 ﾠthe	 ﾠUMLS	 ﾠ
concept	 ﾠ“C0011269”.	 ﾠThe	 ﾠtranslation	 ﾠprocess	 ﾠfrom	 ﾠterms	 ﾠ
to	 ﾠconcepts	 ﾠis	 ﾠdescribed	 ﾠin	 ﾠFigure	 ﾠ1	 ﾠand	 ﾠconsists	 ﾠof	 ﾠthe	 ﾠ
following	 ﾠsteps:	 ﾠ
	 ﾠ
1.  MetaMap	 ﾠidentified	 ﾠthe	 ﾠUMLS	 ﾠconcepts	 ﾠin	 ﾠboth	 ﾠ
medical	 ﾠrecords	 ﾠand	 ﾠqueries.
1	 ﾠ
2.  Documents	 ﾠand	 ﾠqueries	 ﾠno	 ﾠlonger	 ﾠcontain	 ﾠtheir	 ﾠ
original	 ﾠterms,	 ﾠinstead	 ﾠthey	 ﾠwere	 ﾠrepresented	 ﾠas	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
a	 ﾠMetaMap	 ﾠsuggests	 ﾠa	 ﾠnumber	 ﾠof	 ﾠcandidate	 ﾠconcepts	 ﾠand	 ﾠfinally	 ﾠa	 ﾠbest	 ﾠ
fit	 ﾠconcept.	 ﾠWe	 ﾠincluded	 ﾠthe	 ﾠbest	 ﾠfit	 ﾠand	 ﾠall	 ﾠcandidate	 ﾠconcepts	 ﾠwhich	 ﾠ
produced	 ﾠbetter	 ﾠresults	 ﾠthan	 ﾠonly	 ﾠincluding	 ﾠthe	 ﾠbest	 ﾠfit	 ﾠconcepts	 ﾠ
UMLS	 ﾠconcepts	 ﾠids.	 ﾠ
3.  Using	 ﾠthe	 ﾠUMLS	 ﾠMetathesaurus,	 ﾠUMLS	 ﾠconcepts	 ﾠ
were	 ﾠmapped	 ﾠto	 ﾠtheir	 ﾠSNOMED-ﾭ‐CT	 ﾠequivalents.	 ﾠ
There	 ﾠ is	 ﾠ often	 ﾠ a	 ﾠ one-ﾭ‐to-ﾭ‐many	 ﾠ mapping	 ﾠ from	 ﾠ
UMLS	 ﾠto	 ﾠSNOMED-ﾭ‐CT,	 ﾠin	 ﾠthese	 ﾠcases	 ﾠall	 ﾠSNOMED	 ﾠ
CT	 ﾠconcepts	 ﾠwere	 ﾠincluded.	 ﾠ
4.  Queries	 ﾠand	 ﾠdocuments	 ﾠwere	 ﾠthen	 ﾠrepresented	 ﾠ
as	 ﾠSNOMED-ﾭ‐CT	 ﾠconcept	 ﾠids.	 ﾠ
5.  Documents	 ﾠ were	 ﾠ indexed	 ﾠ using	 ﾠ a	 ﾠ standard	 ﾠ
information	 ﾠ retrieval	 ﾠ engine	 ﾠ and	 ﾠ their	 ﾠ new	 ﾠ
concept-ﾭ‐based	 ﾠrepresentation.	 ﾠ
6.  The	 ﾠ queries	 ﾠ (represented	 ﾠ as	 ﾠ SNOMED-ﾭ‐CT	 ﾠ
concept	 ﾠids)	 ﾠwere	 ﾠissued	 ﾠto	 ﾠthe	 ﾠretrieval	 ﾠengine.	 ﾠ
7.  A	 ﾠranked	 ﾠlist	 ﾠof	 ﾠdocument	 ﾠresults	 ﾠwas	 ﾠreturned	 ﾠ
and	 ﾠ compared	 ﾠ to	 ﾠ relevance	 ﾠ judgements	 ﾠ to	 ﾠ
determine	 ﾠretrieval	 ﾠperformance.	 ﾠ
	 ﾠ
Experimental	 ﾠdesign	 ﾠ
This	 ﾠsection	 ﾠdescribes	 ﾠthe	 ﾠexperimental	 ﾠset-ﾭ‐up,	 ﾠincluding	 ﾠ
the	 ﾠ test	 ﾠ collection,	 ﾠ associated	 ﾠ queries	 ﾠ and	 ﾠ evaluation	 ﾠ
metrics.	 ﾠ
	 ﾠ
A	 ﾠchallenge	 ﾠfor	 ﾠmedical	 ﾠIR	 ﾠis	 ﾠempirical	 ﾠevaluation.	 ﾠTo	 ﾠour	 ﾠ
knowledge	 ﾠno	 ﾠstandardised	 ﾠtest	 ﾠcollection	 ﾠwith	 ﾠassociated	 ﾠ
queries	 ﾠ and	 ﾠ relevance	 ﾠ judgements	 ﾠ exists	 ﾠ specific	 ﾠ to	 ﾠ
medical	 ﾠrecords.	 ﾠAlthough	 ﾠthere	 ﾠare	 ﾠtest	 ﾠcollections	 ﾠfor	 ﾠ
medical	 ﾠjournal	 ﾠarticles	 ﾠ(e.g.	 ﾠthe	 ﾠOHSUMED	 ﾠcollection	 ﾠof	 ﾠ
MEDLINE	 ﾠarticles),	 ﾠthese	 ﾠdiffer	 ﾠfrom	 ﾠmedical	 ﾠrecords	 ﾠin	 ﾠ
that	 ﾠthey	 ﾠfocus	 ﾠspecifically	 ﾠon	 ﾠwell	 ﾠwritten	 ﾠjournal	 ﾠarticles.	 ﾠ
In	 ﾠ previous	 ﾠ work,	 ﾠ we	 ﾠ have	 ﾠ developed	 ﾠ a	 ﾠ test	 ﾠ collection	 ﾠ
specific	 ﾠ for	 ﾠ searching	 ﾠ medical	 ﾠ records.
12	 ﾠT h e 	 ﾠc o l l e c t i o n 	 ﾠ
contains:	 ﾠ( 1)	 ﾠ 81,617	 ﾠ de-ﾭ‐identified	 ﾠ clinical	 ﾠ records	 ﾠ from	 ﾠ
multiple	 ﾠ US	 ﾠ hospitals;
2	 ﾠ( 2)	 ﾠ 3249	 ﾠ clinical	 ﾠ queries;	 ﾠ( 3)	 ﾠ
relevance	 ﾠ judgements	 ﾠ indicating	 ﾠ which	 ﾠ documents	 ﾠ are	 ﾠ
relevant	 ﾠto	 ﾠeach	 ﾠclinical	 ﾠquery.	 ﾠ
	 ﾠ
For	 ﾠthe	 ﾠpurposes	 ﾠof	 ﾠthis	 ﾠstudy	 ﾠwe	 ﾠselected	 ﾠa	 ﾠsubset	 ﾠof	 ﾠ54	 ﾠ
queries.	 ﾠThe	 ﾠrational	 ﾠfor	 ﾠthis	 ﾠwas	 ﾠto	 ﾠobtain	 ﾠqueries	 ﾠthat	 ﾠ
contained:	 ﾠ (1)	 ﾠ a	 ﾠ significant	 ﾠ number	 ﾠ of	 ﾠ relevance	 ﾠ
judgements;	 ﾠ( 2)	 ﾠ sufficient	 ﾠ granularity,	 ﾠ ranging	 ﾠ from	 ﾠ
general	 ﾠqueries	 ﾠto	 ﾠvery	 ﾠspecific	 ﾠqueries;	 ﾠ(3)	 ﾠinter	 ﾠquery	 ﾠ
dependence,	 ﾠ an	 ﾠ issue	 ﾠ identified	 ﾠ previously	 ﾠ with	 ﾠ some	 ﾠ
queries;
12	 ﾠa n d 	 ﾠ( 4)	 ﾠe x a m p l e s 	 ﾠo f 	 ﾠt h e 	 ﾠs e m a n t i c 	 ﾠg a p 	 ﾠ
characteristics	 ﾠwe	 ﾠoutlined	 ﾠpreviously	 ﾠ(Table	 ﾠ1).	 ﾠWe	 ﾠran	 ﾠ
the	 ﾠ queries	 ﾠ against	 ﾠ two	 ﾠ retrieval	 ﾠ systems:	 ﾠ a	 ﾠ standard	 ﾠ
keyword-ﾭ‐based	 ﾠ retrieval	 ﾠ engine,	 ﾠ this	 ﾠ constitutes	 ﾠ a	 ﾠ
baseline	 ﾠfor	 ﾠcomparison;	 ﾠand	 ﾠour	 ﾠconcept-ﾭ‐based	 ﾠretrieval	 ﾠ
system	 ﾠdescribed	 ﾠin	 ﾠthe	 ﾠprevious	 ﾠsection.	 ﾠImplementation	 ﾠ
of	 ﾠboth	 ﾠthe	 ﾠconcept-ﾭ‐based	 ﾠand	 ﾠkeyword-ﾭ‐based	 ﾠbaseline	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
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systems	 ﾠwas	 ﾠdone	 ﾠusing	 ﾠthe	 ﾠIndri	 ﾠLemur	 ﾠsearch	 ﾠengine,
3	 ﾠ
Porter	 ﾠstemmer	 ﾠand	 ﾠtf-ﾭ‐idf	 ﾠweighting.	 ﾠ
	 ﾠ
We	 ﾠevaluated	 ﾠthe	 ﾠeffectiveness	 ﾠof	 ﾠthe	 ﾠretrieval	 ﾠsystems	 ﾠ
using	 ﾠtwo	 ﾠwidely	 ﾠadopted	 ﾠIR	 ﾠperformance	 ﾠmetrics:
13	 ﾠ(1)	 ﾠ
Mean	 ﾠaverage	 ﾠprecision	 ﾠ(MAP),	 ﾠwhich	 ﾠcombines	 ﾠprecision	 ﾠ
and	 ﾠ recall	 ﾠ while	 ﾠ assigning	 ﾠ higher	 ﾠ importance	 ﾠ to	 ﾠ top	 ﾠ
ranked	 ﾠ relevant	 ﾠ documents;	 ﾠ (2)	 ﾠ Precision	 ﾠ at	 ﾠ 10	 ﾠ
(Prec@10),	 ﾠ which	 ﾠ measures	 ﾠ the	 ﾠ number	 ﾠ of	 ﾠ relevant	 ﾠ
documents	 ﾠ in	 ﾠ the	 ﾠ top	 ﾠ 10	 ﾠ results.	 ﾠ Both	 ﾠ measures	 ﾠ range	 ﾠ
between	 ﾠ 0.0	 ﾠ (worst,	 ﾠ no	 ﾠ relevant	 ﾠ documents)	 ﾠ and	 ﾠ 1.0	 ﾠ
(best,	 ﾠall	 ﾠrelevant	 ﾠdocuments).	 ﾠ
	 ﾠ
Results	 ﾠand	 ﾠAnalysis	 ﾠ
This	 ﾠ section	 ﾠ reports	 ﾠ on	 ﾠ the	 ﾠ results	 ﾠ of	 ﾠ experiments	 ﾠ
evaluating	 ﾠ our	 ﾠ concept-ﾭ‐based	 ﾠ IR	 ﾠ approach.	 ﾠ Table	 ﾠ 2	 ﾠ
presents	 ﾠa	 ﾠcomparison	 ﾠof	 ﾠour	 ﾠsystem	 ﾠagainst	 ﾠthe	 ﾠkeyword	 ﾠ
baseline.	 ﾠ The	 ﾠ concept-ﾭ‐based	 ﾠ approach	 ﾠ outperforms	 ﾠ the	 ﾠ
keyword	 ﾠbaseline	 ﾠsystem	 ﾠby	 ﾠ25%	 ﾠin	 ﾠMAP.	 ﾠ
	 ﾠ
Table	 ﾠ 2:	 ﾠ Comparison	 ﾠ of	 ﾠ our	 ﾠ concept-ﾭ‐based	 ﾠ system	 ﾠ
against	 ﾠ the	 ﾠ keyword	 ﾠ baseline.	 ﾠ ‡	 ﾠI n d i c a t e s 	 ﾠs t a t i s t i c a l 	 ﾠ
significance	 ﾠ(pairwise	 ﾠt-ﾭ‐test,	 ﾠp	 ﾠ<	 ﾠ0.01)	 ﾠ
System	 ﾠ MAP	 ﾠ(%∆)	 ﾠ Prec@10	 ﾠ(%∆)	 ﾠ
Keyword	 ﾠbaseline	 ﾠ 0.2012	 ﾠ 0.2963	 ﾠ
Concept-ﾭ‐based	 ﾠ 0.2532	 ﾠ(+25%)	 ﾠ‡	 ﾠ 0.3462	 ﾠ(+17%)	 ﾠ
	 ﾠ
Per-ﾭ‐query	 ﾠanalysis	 ﾠ
The	 ﾠfigures	 ﾠin	 ﾠTable	 ﾠ2	 ﾠare	 ﾠa	 ﾠgood	 ﾠoverall	 ﾠcomparison	 ﾠof	 ﾠ
the	 ﾠtwo	 ﾠsystems	 ﾠbut	 ﾠprovide	 ﾠlittle	 ﾠunderstanding	 ﾠof	 ﾠhow	 ﾠ
and	 ﾠ why	 ﾠ each	 ﾠ system	 ﾠ differs.	 ﾠ We	 ﾠ therefore	 ﾠ conducted	 ﾠ
per-ﾭ‐query	 ﾠanalysis	 ﾠto	 ﾠunderstand	 ﾠwhere	 ﾠeach	 ﾠsystem	 ﾠis	 ﾠ
performing	 ﾠ well.	 ﾠ The	 ﾠ plots	 ﾠ in	 ﾠ Figure	 ﾠ2 	 ﾠp r e s e n t 	 ﾠt h e 	 ﾠ
performance	 ﾠ (y-ﾭ‐axis)	 ﾠ of	 ﾠ each	 ﾠ of	 ﾠ the	 ﾠ 54	 ﾠ queries	 ﾠ (x-ﾭ‐axis),	 ﾠ
queries	 ﾠ are	 ﾠ ordered	 ﾠ by	 ﾠ decreasing	 ﾠ performance	 ﾠ of	 ﾠ the	 ﾠ
baseline	 ﾠsystem.	 ﾠ
	 ﾠ
We	 ﾠobserve	 ﾠthat	 ﾠcertain	 ﾠqueries	 ﾠperformed	 ﾠbetter	 ﾠusing	 ﾠ
our	 ﾠconcept-ﾭ‐based	 ﾠsystem	 ﾠwhile	 ﾠothers	 ﾠwere	 ﾠsuited	 ﾠto	 ﾠa	 ﾠ
keyword-ﾭ‐based	 ﾠ system.	 ﾠ It	 ﾠ is	 ﾠ important	 ﾠ to	 ﾠ understand	 ﾠ
whether	 ﾠperformance	 ﾠgains	 ﾠwere	 ﾠa	 ﾠresult	 ﾠof	 ﾠsubstantial	 ﾠ
improvements	 ﾠ in	 ﾠ a	 ﾠ small	 ﾠ set	 ﾠ of	 ﾠ queries	 ﾠ or	 ﾠ small	 ﾠ gains	 ﾠ
across	 ﾠ many	 ﾠ queries.	 ﾠ The	 ﾠ former	 ﾠ may	 ﾠ provide	 ﾠ good	 ﾠ
overall	 ﾠresults	 ﾠbut	 ﾠreduces	 ﾠthe	 ﾠusability	 ﾠof	 ﾠthe	 ﾠapproach	 ﾠin	 ﾠ
practical	 ﾠterms	 ﾠas	 ﾠonly	 ﾠa	 ﾠfew	 ﾠqueries	 ﾠwould	 ﾠdemonstrate	 ﾠ
improved	 ﾠresults.	 ﾠOn	 ﾠthe	 ﾠcontrary,	 ﾠour	 ﾠsystem	 ﾠexhibited	 ﾠ
small	 ﾠgains	 ﾠacross	 ﾠa	 ﾠlarge	 ﾠnumber	 ﾠof	 ﾠqueries	 ﾠas	 ﾠshown	 ﾠby	 ﾠ
the	 ﾠ histograms	 ﾠ presented	 ﾠ in	 ﾠ Figure	 ﾠ3 . 	 ﾠBoth	 ﾠ histograms	 ﾠ
report	 ﾠthe	 ﾠchange	 ﾠin	 ﾠperformance	 ﾠ(x-ﾭ‐axis)	 ﾠcompared	 ﾠto	 ﾠ
the	 ﾠ baseline	 ﾠs y s t e m , 	 ﾠp o s i t i v e 	 ﾠv a l u e s 	 ﾠr e f l e c t 	 ﾠa n 	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
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The	 ﾠLemur	 ﾠProject	 ﾠhttp://lemurproject.org.	 ﾠ
improvement	 ﾠ in	 ﾠ performance,	 ﾠ while	 ﾠ negative	 ﾠ values	 ﾠ
indicate	 ﾠ cases	 ﾠ where	 ﾠ the	 ﾠ baseline	 ﾠ system	 ﾠ performed	 ﾠ
better.	 ﾠ The	 ﾠ y-ﾭ‐axis	 ﾠ indicates	 ﾠ the	 ﾠ number	 ﾠ of	 ﾠ queries	 ﾠ
exhibiting	 ﾠthat	 ﾠperformance	 ﾠchange.	 ﾠThe	 ﾠhistograms	 ﾠshow	 ﾠ
that	 ﾠour	 ﾠconcept-ﾭ‐based	 ﾠsystem	 ﾠmade	 ﾠsmall	 ﾠimprovements	 ﾠ
in	 ﾠa	 ﾠnumber	 ﾠof	 ﾠqueries,	 ﾠrather	 ﾠthan	 ﾠlarge	 ﾠgains	 ﾠ(or	 ﾠlosses)	 ﾠ
on	 ﾠa	 ﾠfew.	 ﾠ
	 ﾠ
Figure	 ﾠ2:	 ﾠ	 ﾠPer-ﾭ‐query	 ﾠcomparison	 ﾠof	 ﾠconcept-ﾭ‐based	 ﾠand	 ﾠ
keyword-ﾭ‐baseline	 ﾠ systems.	 ﾠ Queries	 ﾠ ordered	 ﾠ by	 ﾠ
decreasing	 ﾠ performance	 ﾠ of	 ﾠ baseline	 ﾠ system.	 ﾠ Results	 ﾠ
show	 ﾠ some	 ﾠ queries	 ﾠ performed	 ﾠ better	 ﾠ using	 ﾠ concept-ﾭ‐
based	 ﾠretrieval	 ﾠwhile	 ﾠothers	 ﾠwere	 ﾠsuited	 ﾠto	 ﾠthe	 ﾠkeyword	 ﾠ
baseline.	 ﾠ
	 ﾠ
	 ﾠ
(a)	 ﾠAverage	 ﾠprecision	 ﾠ
	 ﾠ
	 ﾠ
(b)	 ﾠPrecision	 ﾠ@	 ﾠ10	 ﾠ
	 ﾠ
Hard	 ﾠversus	 ﾠeasy	 ﾠqueries	 ﾠ
The	 ﾠ hypothesis	 ﾠ that	 ﾠ motivates	 ﾠ our	 ﾠ concept-ﾭ‐based	 ﾠ
approach	 ﾠis	 ﾠit	 ﾠhelped	 ﾠimprove	 ﾠmore	 ﾠchallenging	 ﾠmedical	 ﾠ
queries.	 ﾠWe	 ﾠtherefore	 ﾠprovide	 ﾠsome	 ﾠfurther	 ﾠanalysis	 ﾠon	 ﾠ
how	 ﾠ the	 ﾠ concept-ﾭ‐based	 ﾠ system	 ﾠ performed	 ﾠ on	 ﾠ hard	 ﾠ
queries	 ﾠ(those	 ﾠshowing	 ﾠpoor	 ﾠperformance	 ﾠin	 ﾠthe	 ﾠbaseline	 ﾠ
system)	 ﾠversus	 ﾠeasy	 ﾠqueries.	 ﾠOur	 ﾠmethod	 ﾠwas	 ﾠas	 ﾠfollows,	 ﾠ
the	 ﾠ 54	 ﾠ queries	 ﾠ were	 ﾠ sorted	 ﾠ according	 ﾠ to	 ﾠ their	 ﾠ
performance	 ﾠin	 ﾠthe	 ﾠkeyword	 ﾠbaseline	 ﾠsystem.	 ﾠThey	 ﾠwere	 ﾠ	 ﾠAustralasian	 ﾠMedical	 ﾠJournal	 ﾠ[AMJ	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 ﾠ5,	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 ﾠ482-ﾭ‐488]	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then	 ﾠdivided	 ﾠinto	 ﾠtwo	 ﾠsubsets:	 ﾠ27	 ﾠbest	 ﾠperforming	 ﾠqueries	 ﾠ
and	 ﾠ27	 ﾠworst	 ﾠperforming	 ﾠqueries.	 ﾠEach	 ﾠquery	 ﾠsubset	 ﾠwas	 ﾠ
evaluated	 ﾠo n 	 ﾠb o t h 	 ﾠt h e 	 ﾠk e y w o r d 	 ﾠa n d 	 ﾠc o n c e p t -ﾭ‐based	 ﾠ
systems,	 ﾠresults	 ﾠare	 ﾠpresented	 ﾠin	 ﾠTable	 ﾠ3.	 ﾠ
	 ﾠ
Figure	 ﾠ 3:	 ﾠ Histogram	 ﾠ showing	 ﾠ change	 ﾠ in	 ﾠ performance	 ﾠ
using	 ﾠ concept-ﾭ‐based	 ﾠ system.	 ﾠ We	 ﾠ observe	 ﾠ that	 ﾠ the	 ﾠ
concept-ﾭ‐based	 ﾠsystem	 ﾠmade	 ﾠsmall	 ﾠperformance	 ﾠgains	 ﾠfor	 ﾠ
a	 ﾠ large	 ﾠ number	 ﾠ of	 ﾠ queries.	 ﾠ Significant	 ﾠ changes	 ﾠ in	 ﾠ
performance	 ﾠwere	 ﾠonly	 ﾠfound	 ﾠfor	 ﾠfew	 ﾠqueries	 ﾠ
	 ﾠ
(a)	 ﾠAverage	 ﾠprecision	 ﾠ
	 ﾠ
	 ﾠ
(b)	 ﾠPrecision	 ﾠ@	 ﾠ10	 ﾠ
	 ﾠ
The	 ﾠresults	 ﾠsupport	 ﾠthe	 ﾠhypothesis	 ﾠthat	 ﾠconcept-ﾭ‐based	 ﾠIR	 ﾠ
generally	 ﾠperformed	 ﾠbetter	 ﾠon	 ﾠmore	 ﾠdifficult	 ﾠqueries,	 ﾠwith	 ﾠ
a	 ﾠ104%	 ﾠimprovement	 ﾠover	 ﾠthe	 ﾠbaseline.	 ﾠImportantly,	 ﾠthis	 ﾠ
was	 ﾠnot	 ﾠat	 ﾠthe	 ﾠexpense	 ﾠof	 ﾠeasy	 ﾠqueries.	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
Table	 ﾠ 3:	 ﾠ Comparison	 ﾠ of	 ﾠ concept-ﾭ‐based	 ﾠ and	 ﾠ keyword	 ﾠ
baseline	 ﾠsystems	 ﾠfor	 ﾠhard	 ﾠand	 ﾠeasy	 ﾠqueries.	 ﾠ‡	 ﾠIndicates	 ﾠ
statistical	 ﾠsignificance	 ﾠ(pairwise	 ﾠt-ﾭ‐test,	 ﾠp	 ﾠ<	 ﾠ0.01)	 ﾠ
Queries	 ﾠ System	 ﾠ MAP	 ﾠ(%∆)	 ﾠ Prec@10	 ﾠ
(%∆)	 ﾠ
Hard	 ﾠ Keyword	 ﾠbaseline	 ﾠ
Concept-ﾭ‐based	 ﾠ
0.0489	 ﾠ
0.1000	 ﾠ
(+104%)	 ﾠ‡	 ﾠ
0.1037	 ﾠ
0.1667	 ﾠ
(+60%)	 ﾠ
Easy	 ﾠ Keyword	 ﾠbaseline	 ﾠ
Concept-ﾭ‐based	 ﾠ
0.3535	 ﾠ
0.4064	 ﾠ
(+15%)	 ﾠ
0.4889	 ﾠ
0.5259	 ﾠ
(+7%)	 ﾠ
	 ﾠ
Discussion	 ﾠ
Overall,	 ﾠ the	 ﾠ concept-ﾭ‐based	 ﾠ approach	 ﾠ exhibited	 ﾠ an	 ﾠ
improvement	 ﾠ over	 ﾠ a	 ﾠk e y w o r d 	 ﾠb a s e l i n e . 	 ﾠR e s u l t s 	 ﾠw e r e 	 ﾠ
heavily	 ﾠdependent	 ﾠon	 ﾠthe	 ﾠquality	 ﾠof	 ﾠconcept	 ﾠextraction	 ﾠ
provided	 ﾠ by	 ﾠ the	 ﾠ MetaMap	 ﾠ system.	 ﾠ MetaMap	 ﾠ only	 ﾠ
identifies	 ﾠ UMLS	 ﾠ concepts,	 ﾠ which	 ﾠ were	 ﾠ then	 ﾠ mapped	 ﾠ to	 ﾠ
SNOMED-ﾭ‐CT	 ﾠ concepts.	 ﾠ The	 ﾠ rational	 ﾠ for	 ﾠ converting	 ﾠ to	 ﾠ
SNOMED-ﾭ‐CT	 ﾠwas	 ﾠits	 ﾠformal	 ﾠrepresentation	 ﾠthat	 ﾠprovides	 ﾠ
scope	 ﾠfor	 ﾠfuture	 ﾠinference	 ﾠtechniques.	 ﾠExperiments	 ﾠusing	 ﾠ
UMLS	 ﾠ concepts	 ﾠ showed	 ﾠ comparable	 ﾠ performance.	 ﾠ
However,	 ﾠmapping	 ﾠbetween	 ﾠterminologies	 ﾠmay	 ﾠresult	 ﾠin	 ﾠa	 ﾠ
loss	 ﾠ in	 ﾠ meaning	 ﾠ from	 ﾠ the	 ﾠ original	 ﾠ query	 ﾠ or	 ﾠ document.	 ﾠ
Certain	 ﾠUMLS	 ﾠconcepts	 ﾠhave	 ﾠno	 ﾠequivalent	 ﾠin	 ﾠSNOMED-ﾭ‐
CT.	 ﾠSuch	 ﾠcases	 ﾠwere	 ﾠfound	 ﾠin	 ﾠthe	 ﾠtwo	 ﾠworst	 ﾠperforming	 ﾠ
queries	 ﾠ in	 ﾠ our	 ﾠ experiments,	 ﾠt h e s e 	 ﾠw e r e 	 ﾠq u e r y 	 ﾠ454.9	 ﾠ
(asymptomatic	 ﾠ varicose	 ﾠ veins)	 ﾠ and	 ﾠ 038.11,	 ﾠ (methicillin	 ﾠ
susceptible	 ﾠstaphylococcus	 ﾠaureus	 ﾠsepticemia).	 ﾠAdvances	 ﾠ
in	 ﾠmedical	 ﾠNLP,	 ﾠand	 ﾠthe	 ﾠincreasing	 ﾠpopularity	 ﾠof	 ﾠSNOMED-ﾭ‐
CT,	 ﾠare	 ﾠlikely	 ﾠto	 ﾠyield	 ﾠfurther	 ﾠimprovements	 ﾠto	 ﾠtools	 ﾠsuch	 ﾠ
as	 ﾠ MetaMap,	 ﾠ for	 ﾠ example	 ﾠ direct	 ﾠ SNOMED-ﾭ‐CT	 ﾠ concept	 ﾠ
identification	 ﾠthat	 ﾠavoids	 ﾠthe	 ﾠmapping	 ﾠvia	 ﾠUMLS,	 ﾠthis	 ﾠwill	 ﾠ
avoid	 ﾠthe	 ﾠmapping	 ﾠproblem	 ﾠand,	 ﾠwe	 ﾠconjecture,	 ﾠshould	 ﾠ
improve	 ﾠour	 ﾠconcept-ﾭ‐based	 ﾠretrieval	 ﾠsystem.	 ﾠ
	 ﾠ
The	 ﾠqueries	 ﾠthat	 ﾠperformed	 ﾠwell	 ﾠusing	 ﾠour	 ﾠconcept-ﾭ‐based	 ﾠ
approach	 ﾠwere	 ﾠoften	 ﾠcharacterised	 ﾠas	 ﾠhaving	 ﾠa	 ﾠnumber	 ﾠof	 ﾠ
possible	 ﾠvariants	 ﾠin	 ﾠtheir	 ﾠkeyword	 ﾠform.	 ﾠFor	 ﾠexample,	 ﾠthe	 ﾠ
query	 ﾠ 530.81	 ﾠ( esophageal	 ﾠ reflux)	 ﾠ which	 ﾠ mapped	 ﾠ to	 ﾠ the	 ﾠ
SNOMED-ﾭ‐CT	 ﾠconcepts:	 ﾠ
•  235595009	 ﾠ(Gastroesophageal	 ﾠreflux	 ﾠdisease);	 ﾠ
•  196600005	 ﾠ(Acid	 ﾠreflux	 ﾠ&/or	 ﾠoesophagitis);	 ﾠ
•  47268002	 ﾠ(Reflux);	 ﾠand	 ﾠ	 ﾠ
•  249496004	 ﾠ(Esophageal	 ﾠreflux	 ﾠfinding).	 ﾠ
	 ﾠ
In	 ﾠ the	 ﾠ keyword-ﾭ‐based	 ﾠ system	 ﾠ a	 ﾠ query	 ﾠ for	 ﾠ esophageal	 ﾠ
reflux	 ﾠw a s 	 ﾠu n l i k e l y 	 ﾠt o 	 ﾠr e t u r n	 ﾠ documents	 ﾠ that	 ﾠ contain	 ﾠ	 ﾠ
oesophagitis.
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 ﾠw a s 	 ﾠr e p r e s e n t e d 	 ﾠi n 	 ﾠt h e 	 ﾠq uery	 ﾠ as	 ﾠ part	 ﾠ of	 ﾠ
	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ
4	 ﾠInflammation	 ﾠof	 ﾠthe	 ﾠoesophagus	 ﾠcaused	 ﾠby	 ﾠreflux..	 ﾠ	 ﾠAustralasian	 ﾠMedical	 ﾠJournal	 ﾠ[AMJ	 ﾠ2012,	 ﾠ5,	 ﾠ9,	 ﾠ482-ﾭ‐488]	 ﾠ
	 ﾠ
	 ﾠ
487	 ﾠ
concept	 ﾠ196600005.	 ﾠThe	 ﾠaverage	 ﾠprecision	 ﾠfor	 ﾠthis	 ﾠquery	 ﾠ
improved	 ﾠfrom	 ﾠ0.1285	 ﾠto	 ﾠ0.3414.	 ﾠAnother	 ﾠexample	 ﾠwas	 ﾠ
query	 ﾠ 042	 ﾠ( human	 ﾠ immunodeficiency	 ﾠ virus)	 ﾠ –	 ﾠ relevant	 ﾠ
documents	 ﾠcontained	 ﾠthe	 ﾠabbreviations	 ﾠHIV	 ﾠor	 ﾠAIDS	 ﾠbut	 ﾠ
did	 ﾠnot	 ﾠexplicitly	 ﾠmention	 ﾠhuman	 ﾠimmunodeficiency	 ﾠvirus	 ﾠ
(average	 ﾠ precision	 ﾠ increased	 ﾠ from	 ﾠ 0.2332	 ﾠ to	 ﾠ 0.4622	 ﾠ for	 ﾠ
this	 ﾠquery).	 ﾠ
	 ﾠ
Future	 ﾠwork	 ﾠ
Our	 ﾠcurrent	 ﾠsystem	 ﾠrepresents	 ﾠqueries	 ﾠand	 ﾠdocuments	 ﾠas	 ﾠ
SNOMED-ﾭ‐CT	 ﾠ concepts	 ﾠ but	 ﾠ does	 ﾠ not	 ﾠ make	 ﾠ use	 ﾠ of	 ﾠ the	 ﾠ
additional	 ﾠ information	 ﾠ provided	 ﾠ by	 ﾠ the	 ﾠ relationships	 ﾠ
between	 ﾠconcepts.	 ﾠSome	 ﾠinitial	 ﾠexperimentation	 ﾠon	 ﾠusing	 ﾠ
these	 ﾠrelationships	 ﾠfor	 ﾠquery	 ﾠexpansions	 ﾠproved	 ﾠdifficult	 ﾠ–	 ﾠ
certain	 ﾠq u e r i e s 	 ﾠs h o w e d 	 ﾠs i g n i f i c a n t 	 ﾠi m p r o v e m e n t , 	 ﾠw h i l e 	 ﾠ
others	 ﾠ had	 ﾠ significant	 ﾠ degradation	 ﾠ in	 ﾠ performance.	 ﾠ A	 ﾠ
more	 ﾠ targeted	 ﾠ approach	 ﾠ that	 ﾠ takes	 ﾠ into	 ﾠ account	 ﾠ the	 ﾠ
semantic	 ﾠtype	 ﾠ(e.g.	 ﾠdisease,	 ﾠtreatment,	 ﾠsymptom)	 ﾠof	 ﾠthe	 ﾠ
specific	 ﾠquery	 ﾠconcept	 ﾠis	 ﾠrequired	 ﾠ(this	 ﾠapproach	 ﾠhas	 ﾠbeen	 ﾠ
successful	 ﾠ in	 ﾠ other	 ﾠ applications).
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 ﾠT h e 	 ﾠu s e 	 ﾠo f 	 ﾠinter-ﾭ‐
concept	 ﾠrelationships	 ﾠis	 ﾠthe	 ﾠnext	 ﾠstep	 ﾠtowards	 ﾠa	 ﾠsystem	 ﾠ
that	 ﾠsupports	 ﾠthe	 ﾠtype	 ﾠof	 ﾠinference	 ﾠcapabilities	 ﾠrequired	 ﾠ
to	 ﾠdeal	 ﾠwith	 ﾠthe	 ﾠcomplex	 ﾠmedical	 ﾠqueries	 ﾠwe	 ﾠhave	 ﾠalready	 ﾠ
outlined.	 ﾠ
	 ﾠ
Conclusion	 ﾠ
We	 ﾠhave	 ﾠpresented	 ﾠan	 ﾠapproach	 ﾠto	 ﾠsearching	 ﾠelectronic	 ﾠ
medical	 ﾠrecords	 ﾠthat	 ﾠis	 ﾠbased	 ﾠon	 ﾠconcept	 ﾠmatching	 ﾠrather	 ﾠ
than	 ﾠ keyword	 ﾠ matching.	 ﾠ Queries	 ﾠ and	 ﾠ documents	 ﾠ were	 ﾠ
transformed	 ﾠfrom	 ﾠtheir	 ﾠterm-ﾭ‐based	 ﾠoriginals	 ﾠinto	 ﾠmedical	 ﾠ
concepts	 ﾠ as	 ﾠ defined	 ﾠ by	 ﾠ the	 ﾠ SNOMED-ﾭ‐CT	 ﾠ ontology.	 ﾠ
Evaluation	 ﾠon	 ﾠa	 ﾠreal-ﾭ‐world	 ﾠcollection	 ﾠof	 ﾠmedical	 ﾠrecords	 ﾠ
showed	 ﾠ our	 ﾠ concept-ﾭ‐based	 ﾠ approach	 ﾠ outperformed	 ﾠ a	 ﾠ
keyword	 ﾠ baseline	 ﾠ by	 ﾠ 25%	 ﾠ in	 ﾠ MAP.	 ﾠ In	 ﾠ addition,	 ﾠ the	 ﾠ
concept-ﾭ‐based	 ﾠapproach	 ﾠmade	 ﾠsignificant	 ﾠimprovements	 ﾠ
on	 ﾠ hard	 ﾠ queries.	 ﾠ We	 ﾠ have	 ﾠ provided	 ﾠ an	 ﾠ analysis	 ﾠ and	 ﾠ
classification	 ﾠof	 ﾠthe	 ﾠtype	 ﾠof	 ﾠqueries	 ﾠused	 ﾠwhen	 ﾠsearching	 ﾠ
medical	 ﾠrecords,	 ﾠemphasising	 ﾠthat	 ﾠsome	 ﾠrequire	 ﾠspecific	 ﾠ
types	 ﾠof	 ﾠinference.	 ﾠOur	 ﾠconcept-ﾭ‐based	 ﾠapproach	 ﾠprovides	 ﾠ
a	 ﾠ framework	 ﾠ for	 ﾠ further	 ﾠ development	 ﾠ into	 ﾠ inference	 ﾠ
based	 ﾠsearch	 ﾠsystems	 ﾠfor	 ﾠdealing	 ﾠwith	 ﾠmedical	 ﾠdata.	 ﾠ
	 ﾠ
	 ﾠ
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